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The heat transfer model can be used in a one-dimensional (1-D) engine simulation. When 
the engine speed is reduced to zero, the codes have been upgraded to calculate transient 
turbocharger thermal conditions. The turbocharger model has been used as an external 
plugin. Analysis of the temperature evolution at different parts of the turbocharger is done 
by using a hot spot engine cycle. A turbocharger bypassing strategy is done by means of a 
9 bypass valve system. By using this method, instabilities can be found in the binary on-
off state of an engine. 
During engine hot-stops, the lack of oil flow inside the turbocharger makes the trapped oil 
in the bearings burnt as the turbine housing exchanges heat with the central housing. Coke 
formation can appear and produce big reductions in turbocharger endurance, as bearings 
clogged and damage the shaft. Several strategies can be used in order to minimize 
possibilities of coke formation, including an increase in the turbocharger cooling during 
normal operation and the use of electrically-driven pumps acting after the engine is shut 
down. These strategies can be simulated in acceptable calculation times thanks to 
modelling strategy proposed in this paper.  
The presented methodology allows a detailed study of the temperature rise of the central 
housing of an automotive turbocharger after a hot-stop process, simulating several 
combinations of cooling strategies in order to find the optimum one in terms of minimising 
extra energy consumption per K of housing temperature reduction. 
Highlights 
 Thermal sensitivity is measured in the turbocharger in regards to a one-
dimensional engine. 
 A visual aid, such as a model, can help depict the evolution of thermal theory.  
 The behaviour of a turbocharger in a hot stop is affected by such diverse cooling 
strategies. 
 A coke phenomenon in the lubricating circuit affects turbocharger efficiency and 
durability. 
 High temperatures that occur within a turbocharger produce problems such as 
clogged bearing systems and damaged shafts.   
Keywords 
Turbocharger, one-dimensional model, engine simulation code, heat transfer, engine hot 
stop, oil coke. 
1. Introduction 
Nowadays, most automotive engines have a turbocharging system. The turbocharging 
system increases the energy efficiency of the engine [1]. The system has been used for a 
long time in the boost of automotive engines [2] and each of the elements that make up the 
turbocharger has been gradually improved. Policies of pollutant, such as NOx, fuel 
consumption and noise have influenced its development. The system is an important piece 
for the new generation of engines that must comply with the EURO6 European standard in 
force from 2015 [3]. 
 
In order to ensure that the system does not experience any mechanical failures or loss of 
efficiency, it is important to study which engine operating conditions could produce the 
highest failing rate.  
 
Common failing conditions in turbochargers are mostly achieve due to oil contamination 
which results in little particles of debris that engine parts have shed; thrust failure turning 
the boost up; excessive exhaust gas temperatures, oil delay, impact damage in compressor 
or turbine wheels. The works focused on the oil behaviour conclude that the engine hot 
stop and carbon build up failure produces blockage in the system of bearings [4].  
 
Tight tolerances in the turbocharger does not take much for bits of debris to block oil ways 
and reduce the oil flow [5]. High boost pressures and high rotational speeds make the 
material will shred. Excessive exhaust gas temperatures can range from a severely pitted 
turbine wheel to a bent turbine shaft, affecting other areas of the engine and leaving bits of 
aluminium piston melted onto the turbine wheel.  
 
Some signs for the oil delay failure are that the material can wipe out all over the shaft and 
get blue due to a high temperature which has been built by heat. Failures that cause damage 
in compressor or turbine wheel [6] can be produced by anything from dust entering to large 
pieces of debris in the air system from previous failures or in turbine wheel by bits coming 
from the combustion chamber or the manifold itself. 
 
Carbon builds up due to lack of servicing and poor quality oils, which results in a gradual 
build-up of sludge in both the sump and all oil galleries of the engine. Inside the 
turbocharger there are some of the narrowest oil ways, some as small as 1mm in diameter, 
and when they become blocked failure can occur [4].  
 
Several research studies about turbocharger endurance and loss of efficiency have been 
found in the literature. Some works focus their study on aerodynamic or acoustic 
phenomena, looking for flow disturbance sources in either the compressor or the turbine 
side. Galindo et al. [7], Gravdahl et al. [8] or Skopil et al [9] argue that the important 
limitation for the turbocharger operation is the compressor surge phenomena, which may 
damage and even destruct the turbocharger shaft and wheels. 
 
Galindo et al. [10] studies 1-D heat transfer models for predicting engine transient 
conditions and improve the thermal response in the turbocharging system. Burke et al. 
study how the heat transfer influences engine performance calculation showing that heat 
transfer in the turbine always represents an important part of its enthalpy change, being 
more relevant in the low torque region [11].  
 
Mechanical and thermal problems are also a typical source of turbocharger damage. 
Serrano et al. [12] study the robustness of several turbochargers ingestion of different 
elements such as screws, sand or water with the compressor. An automotive turbocharger 
shaft can easily achieve rotational speeds higher than 200 krpm, and floating or semi-
floating journal bearings are usually used. Galindo et al. [13] also study the mechanical 
behaviour of turbochargers with intermittent stops of the lubricating oil flow. The temporal 
lack of lubrication leads to wear of the bearings and final imbalance of the shaft very 
quickly. The turbocharger friction losses inside the bearings system is also dependent on 
the geometry of such bearings [14,15], so even when wearing might not finally break the 
turbocharger it could affect its mechanical efficiency. 
 
The oil also serves, as coolant in turbochargers, so oil ducts clogging not only affects the 
final turbocharger lubrication, but also its capacity to withstand high temperatures. When 
a turbocharger water cooling circuit exists (mainly in turbochargers for petrol engines), the 
engine manufacturer has an extra capacity to reduce the risk of thermal damage by 
adjusting the characteristics of water pump [16]. 
 
Evaluation of different heat transfer conditions for the turbocharger external surface is done 
considering different engine speeds and loads [17].The thermal damage in the turbocharger 
might be noticed some time after it has been produced. If the oil thermal load is too big, it 
might degrade and produce coke leading to oil ducts and bearings clogging, thus reducing 
the oil flow. This reduction in oil flow leads to a loss of bearing loading capabilities and 
cooling performance, enabling mechanical wear and further thermal damage. A typical 
situation of oil thermal damage is produced during engine hot-stop, where oil flow is halted. 
In these cases, the turbine exchanges huge amounts of heat with the central housing as it 
cools down, increasing the temperature of the small amounts of oil trapped inside the 
turbocharger and producing oil coke [18]. Some of the last tendencies in the automotive 
industry seeking to reduce the engine fuel consumption and emissions might even generate 
extra damage in the lubrication system. Such as the case of Start-Stop systems, in which 
the engine is stopped when it was idle and there was neither oil nor coolant flow in the 
turbocharger, which might produce oil thermal degradation, and some other effects of 
reducing oil pumping for improving the engine consumption [19]. 
 
This paper presents an adaptation of a 1-D tool to study thermal transient in turbocharger 
bearing housing by means of a bypass system of 9 valves in order to perform conditions of 
engine on and off. Thanks to this innovative modelling approach, different strategies for 
reducing the probability of coke formation have been calculated in acceptable time and 
discussed. Through a factorial study of four variables at two different levels, the optimum 
in terms of power consumption and extra CO2 emissions is selected. The first section 
presents the turbocharger and engine model management of the hot stop, in which the 
transient engine cycle and bypassing method implemented for the simulation campaign are 
described. Also, a comparison of the trends in transient operation between the turbocharger 
heat transfer model (HTM) and three engine operating points measured in engine test bench 
under a hot stop engine cycle is evaluated. Finally the last section presents modelling of 
the cooling strategy employed using coolant and oil pumps with different sizes and the 
ability to keep them on after engine shutdown and discussion of the results obtained, 
studying the reduction of the probability of oil damage and coke formation in the bearing 
system as a starting point for future research studies. 
 
2. Turbocharger model and engine model management of 
the hot stop  
As aforementioned, a simulation campaign has been performed computing an engine cycle 
with some variations in the operation of the oil and coolant pumps feeding the turbocharger. 
Those have been carried out using GT-POWERTM engine simulation code, nevertheless in 
this study the turbocharger model has been implemented as an external plugin and is able 
to reproduce the thermal evolution of the turbocharger. This turbocharger heat transfer 
model has been previously validated in steady-state and transient conditions [20,21]. The 
turbocharger model is able to calculate the main performance variables of the compressor 
and the turbine and it has the capability of computing the main heat fluxes in the 
turbocharger, including the metal-to-metal heat flows, the cooling effects of the oil, the oil 
heating due to friction losses and the coolant and the external heat flows.  
 
The Heat Transfer Model (HTM) is based on the principle of similarity with an electrical 
circuit [22]. Figure 1 shows the configuration that has been implemented, where 5 metal 
nodes can be seen. Each of these nodes represents a plane in the turbocharger, being part 
of a mostly-one-dimensional model. Although mainly one-dimensional, the model also 
considers the heat transfer to the ambient, oil and coolant. Table 1 shows the description 




Figure 1. One-dimensional heat transfer model for a turbocharger. 
 
 




𝑻 Turbine housing node 
𝑯𝟏 Turbine back plate node 
𝑯𝟐 Housing central node 
𝑯𝟑 Compressor back plate node 
𝑪 Compressor housing node 
 
The turbocharger heat transfer model includes as data input, the mass flow and 
temperatures at the compressor outlet, at the turbine inlet, in the lubrication and cooling 
system; it includes the turbocharger speed, compression and expansion ratio, the ambient 
velocity and atmospheric pressure. The one-dimensional model is able to calculate the 
temperature of the metal and predict the mean temperatures of exhaust gas and air as 
flowing inside the turbocharger. Nowadays, the working temperature of the turbocharging 
system has increased, reaching values even higher than 1000 C in the turbine side [23]. 
This has led turbo manufacturers to take into account water cooling and the incorporation 
of new materials [24]. When the highest temperatures are reached, water-cooling prevents 
the degradation of oil inside the bearings. As the engine model used is programmed in the 
commercial gas-dynamics-1D-code GT-POWERTM it lets modelling each of the most 
important components and processes of the engine [25]. This simplified model has had an 
extensive validation, using the aforementioned HTM to compute the turbocharger thermal 
evolution. The results from the validation of the whole engine model, including the 
turbocharger heat transfer model, showed that the latter reaches similar values to the 
measurements obtained experimentally [26].  
 
Values of temperature in each part of the turbocharger during the simulations are shown 
and discussed in the results section. 
 
The method uses an engine cycle over a representative engine operating point for the 
analysis of temperature evolution at different parts of the turbocharger. The cycle is used 
to study oil coke formation inside the turbocharger bearings, but it can also be used to study 
the evolution of other parameters such as temperatures and pressures in different parts of 
the engine. Automotive companies predefine these cycles in order to ensure that the studied 
parameters do not exceed some limits which are detrimental for the engine life. Figure 2 
shows the simulated end period of a hot stop engine cycle represented in engine power vs 
time.  
 
Figure 2. Last part of a hot stop engine cycle 
 
The driving cycle consists of 2 hours of high engine load operation, typical of highway 
driving conditions, followed by a hot stop. The simulations represent the last 700 seconds 
of this cycle. The cycle has stationary and transient part. Initially, engine temperatures are 
stabilized at full load and high speed,  typically the speed of 3500 rpm in a Diesel engine, 
that takes place in the simulation for a shortened period of about 60 seconds (A in figure 
2), followed by a deceleration phase (C in figure 2) as function of the operating point, a 
decreasing  speed and load intended for reaching the engine idle conditions is done for 5 
seconds (D in figure 2), and finally a quick stop of the engine, where the circulation of 
water, oil and air through the turbocharger are cut for an allotted period of time that let the 
turbocharger reach the maximum peaks of temperatures in each section node (F in figure 
2). This hot-stop cycle produces peak temperatures in the central housing and, thus, in the 
bearing system. 
 
For this study the adjustment of both the engine and the turbocharger models during 
transient hot stop simulations are an additional task for the study. As calculation 
instabilities were found during engine stops simulation, a turbocharger bypassing strategy 
is done by means of a system of 9 bypass valves in order to perform conditions of engine 
on and off; in this way, the thermal evolution of the turbocharger model continues 
computing when the engine speed is reduced to zero and the problems of stability are 
avoided in the simulation with the GT-POWERTM software used. Figure 3 shows the 
implemented strategy of the engine-bypass system: 
Figure 3. (a) Turbocharger bypassing strategy engine on. (b) Turbocharger bypassing 
strategy engine off. 
 
Figure 3 (a) shows, when the engine is on, the turbocharger acts as a dependent element of 
the engine. Figure 3 (b) shows when the engine is off, then an isolation of turbine and 
compressor is done by closing the two, four, six and eight valves  thus the turbocharger has 
no contact with the engine. This strategy of engine isolation as well as variations of oil 
and/or water mass flow is made to simulate the different phases of stationary, transient and 
hot-stop of an engine cycle. 
 
Lastly, both the engine model and the turbocharger HTM were calibrated using steady-
state experimental data from previous work in [26]. Unfortunately, no transient data was 
available for validating the unsteady results with the modelled engine and previously 
characterised turbocharger. It must be taken into account that to perform a rigorous 
comparison of the model it is necessary to know internal parameters of the turbocharger, 
such as geometry, material, heat transfer properties, and so on. This information is often 
confidential and not easy to access; indeed, it was not available to measure the turbocharger 
in unsteady conditions. 
In an attempt to compare the performance in the HTM of the turbocharger in transient 
operation, data exported from a different engine were used by selecting three operating 
points measured under a hot stop engine cycle. Although this experimental data 
corresponds to a different engine and a different turbocharger, it can be used to compare 
the general trends. The experimental operating points for the comparison were taken into 
account by selecting similar turbine temperatures as in the computational campaign, 
ensuring the highest level of similarity between both cases. These points represent 
conditions that can be found in highway driving cycles and produce turbine inlet 
temperatures high enough to promote the coke formation. 
 
 
From figure 4 to 6 the thermal model follows the trends of the evolution of the temperature 
in the different node. Axis ‘x’ is the elapsed time of the engine cycle, and ‘y’ axis represents 
the dimensionless temperature calculated for each node as a function of the turbine node 
and the compressor inlet temperatures, both values are taken at the end of the stabilisation 
phase, point B in figure 2.   
 
Figure 4 shows the results for a hot stop performed after a stabilisation phase at 1500 rpm 
and full load. The experimental data taken are compared with the results simulated in this 
study using a similar value of maximum turbine temperature, in terms of dimensionless 
temperature (𝜎) it is defined as shown in equation (1). 
 
𝜎𝑖 = (𝑇𝑖 − 𝑇𝑚𝑖𝑛)/(𝑇𝑚𝑎𝑥 − 𝑇min⁡)       (1) 
 
Where 𝑇𝑚𝑎𝑥 represents the turbine node temperature at point B in figure 2, 𝑇𝑖 the node 




Figure 4. External turbocharger nodes comparison measured at 1500 rpm - full load in the 
test bench vs initial case simulated with the thermal model 
 
Figures 5 and 6 show same tendency but comparing other two engine operating points, one 
at 2500 another at 3500 having qualitatively the same tendency, as shown below. It can be 
seen that the turbocharger 1D model is able to compute external heat transfer between 
different nodes.  
 
In steady state condition, the value in the turbine node is equal for both comparison lines 
the experimental and the modelled case 1. Nevertheless, final values have discernible 
differences, because the gas inlet temperature, the engine speed, torque and geometry are 
not exactly the same. In the central area of the turbocharger where the interaction with the 
lubrication system occurs, the difference is small. During the engine hot stop, the period of 
time selected allows to see the maximum level of temperature on the points in the 
turbocharger system. In addition, when the engine stops the turbine side, as well as node 
H1 (backplate turbine) loss heat due to external convection and radiation. In the compressor 
side, temperatures rise due to internal heat transfer through the turbocharger housing. For 
the central housing where H2 node is located the flux rise during the engine hot stop. 
 
Figure 5. External turbocharger nodes comparison measured at 2500 rpm – 75 percent 
full load in the test bench vs initial case simulated with the thermal model 
The thermal model above predicts compressor node (C) and underestimates the adjacent 
bearing housing node (H3) temperatures during hot stop thermal transient. Apart from other 
small causes inherent to using a different engine and turbocharger for model assessment, 
one can think that heat transfer between node H2 and H3 is higher in the modelled 
turbocharger than in the measured one. Due to the higher values in the conductive 
conductance between node H2 and H3, both nodes (H3 and C) show higher increments of 
temperature in the simulation compared to the measured. 
 
 
Figure 6. External turbocharger nodes comparison measured at 3500 rpm – full load in 
the test bench vs initial case simulated with the thermal model 
 
The differences between the experimental and the modelled engine are significant since a 
different engine was used to provide experimental data. This work shows in a qualitative 
way the trends that the model is able to reproduce under engine hot stop conditions. Both 
the engine and turbocharger manufacturers that know geometry, materials might feed the 
turbocharger model with all data so the error can be reduced. Table 2 shows differences in 
kelvin by comparing the temperature directly between the experimental data selected minus 








Table 2.  Differences temperatures in Kelvin between experimental points and modelled 
case 1.  
 


















1500 100 -2 95 -39 35 23 20 11 14 -10 19 
2500 75 7 90 -19 36 33 28 26 23 11 30 
3500 100 105 110 41 50 53 29 40 24 18 30 
 
Figure 7 shows the external nodes temperature for each selected operating point discussed 
in figures 4 to 6, in point B from figure 2, (just before moving on to the engine transient). 
In that way the temperatures evolution along with the turbocharger can analysed. 
 
Figure 7. Turbocharger nodes comparison for three engine-operating points in stabilised 
phase (point B figure 2).   
 
It can be concluded that the thermal model is able to follow the temperature gradients along 
with the turbocharger in each external section during the steady-state phase. Comparison 
of an unsteady phase about 400 s, where the maximum temperature in the H2 node is 
reached (point F in figure 2) is also done (Figure 8); however, the temperature gradients 
differ from the measurement in a higher extent. At the compressor side, the temperatures 
are lower in the engine test. The temperatures of the central area of the turbocharger are 
equivalent for both simulations and experimental data. On the hot-end side, temperatures 
are higher in the turbine and H1 nodes for the data taken from engine bench tests. A 
probable reason is because this part of the turbocharger is affected by the real interaction 
with the radiation coming from the engine exhaust manifold that takes place a relevant role 
during the engine hot stop, while the thermal model only includes radiation phenomena 
between the turbocharger and the environment.  
 
 
Figure 8. Turbocharger nodes comparison for three engine-operating points in transient 
phase (point F in figure 2).  
 
After this assessment, the simulation study of the cooling strategy has been performed 
using a factorial analysis with four different factors acting at two different levels, leading 
to a total of 16 different combinations.  
3. Modelling results and discussion  
An important objective of this work is to observe the behaviour of the temperatures in the 
turbocharging system once the engine is shut-off, using different cooling strategies to 
reduce the possibilities of coke formation. The coke formation could lead to severe 
turbocharger damage and is produced at extremely high oil temperatures. The maximum 
oil temperature is expected to happen after the engine hot-stop inside the bearings and, 
while the turbocharger thermal model does not have the capability of computing directly 
this temperature, it is expected to be correlated with the bearing housing temperature, in 
H1 and H2 nodes, which is computed. 
 
The factorial analysis with four different factors acting at two different levels is conducted 
by means of simulations. Two of the factors are the pump sizes for both the oil and coolant 
pumps, where the whole increase in pump size is used for increasing the flow through the 
turbocharger. The other two factors are the use (or not) of auxiliary, electrically driven oil 
and coolant pumps for the turbocharger after the engine is stopped. For this study, the 
adjustment of both the engine and turbocharger models during transient hot stop 
simulations were done by means of a bypassing strategy as showed in figure 3. Therefore, 
in the simulation when the engine stops the cooling system for the turbocharger is cut, and 
no thermosiphon effects are taken into account, there is no air, water and oil circulation. 
Each of the nodes described in table 1 are useful for determining the local temperature of 
the turbocharging system for steady conditions and mainly during engine hot stop but being 
H2 the central node and representing the majority of the bearing housing material. 
 
The simulation matrix shown in table 3, where a “-” symbol represents a low level, and a 
“+” symbol represents a high level in the pump size. Where ?̇?𝑐,𝑠𝑖𝑧𝑒the coolant is pump 
size, ?̇?𝑜,𝑠𝑖𝑧𝑒  is the oil pump size. ‘Yes’ or ‘No’ means the auxiliary pump operation 
respectively, after engine stops either for water or oil cooling. 
 
Table 3. Array of test for simulating the engine cycle. 
 
































case 16 case 12 case 8 case 4 





case 14 case 10 case 6 case 2 
- case 13 case 9 case 5 case 1 
 
Table 4 shows the values of oil and coolant mass flow set for the different simulations 
carried out, and the flow value set if the auxiliary pumps are being used or not. Case 1 is 
taken as a baseline: it is the case with normal oil and coolant flow and no auxiliary pumps. 
 
Table 4. Mass flow adjusted for the simulations. 
  
Mass flow  
Coolant Oil  
(kg/s) (kg/s) 
Full load 
+ High 0.15 0.0225 
- Low 0.1 0.015 
Auxiliary 
pump 
Yes 0.03429 0.00514 
No 0.0001 0.0001 
 
According to the initial critical case simulated, a first approximation for the auxiliary pump 
running time has been performed. Initially, an average H2 temperature can be obtained in 
equation (2). 𝑇𝑛 is the temperature at time-step 𝑡𝑛 , 𝑡𝑓  is the specific time where maximum 











𝑇𝐻2 = ∑𝑇𝑛 ⋅ (𝑡𝑛 − 𝑡𝑛−1)/(𝑡𝑓 − 𝑡𝑖)                 (2) 
 
A hypothesis of mean temperature for oil is done according to the temperature values 
calculated previously in order to maintain the lubrication of turbocharger under safe 
conditions. The convective conductance between the oil and H2 metal node needs to be 
calculated  through dimensionless numbers of Reynolds, Prandtl, Nusselt and additional 
external geometry using proposed correlations [27] .      
The convective heat transfer coefficient for the oil and water can be obtained with equation 
(3), where k is the conductivity of the fluid and D refers to the diameter of the inlet port.  
 
ℎ = ⁡𝑁𝑢 ⋅ 𝑘/𝐷         (3) 
 
Serrano et al. [28] have successfully correlated these convective coefficients with the 
turbocharger operative conditions, and the heat flux from the central housing so the heat 
transfer to the oil or the coolant can be easily calculated. 
To obtain a real approximation of the mean oil temperature inside the turbocharger, the oil 
outlet temperature needs to be recalculated having a convergence with the first 
approximation of temperature done in equation (2). 
 
Figure 9 shows the H2 and oil outlet temperatures for the case 1 shown in Table 3. The oil 
outlet temperature in the turbocharger can be still calculated when the engine is stopped 
because the mass flow rate passing is not totally null; but it is a minimum value very close 
to zero, equivalent to the small amount of oil dripping naturally present after halting the oil 
pump. 
 
Figure 9.  H2 node and oil outlet temperature for the baseline case. 
 
Finally equation (4) represents the integral of the heat flow already calculated, which can 
be used to estimate the acting time for the auxiliary pump system. C is the sum of all 
capacitances of the five metal nodes of the turbocharger thermal, obtained experimentally 
[27,29], and ∆𝑇 is the temperature decrease from an initial case simulated that lack of any 
type of extra cooling after the hot-stop. 
∫ ?̇?⁡𝑑𝑡 = 𝐶 ⋅ ∆𝑇           (4) 
  
For a reduction of 25º C in the average turbocharger temperature, used in order to keep the 
oil under safe conditions [30], the additional operating time for an auxiliary oil pump after 
the engine stops is approximately 2.23 minutes; the water cooling pump would need less 
time. For the sake of simplicity, the electric auxiliary pumping system is left acting for 2 
minutes for both water and oil strategies. 
 
Once the pump operating time has been determined, the other tests from Table 3 have been 
carried out to see the thermal evolution of the turbocharger under different cooling 
strategies. 
 
Figure 10 shows the representative simulation results for four different cases of cooling 
strategy, from Table 3. The turbine node has a peak temperature of 858 K followed by a 
drop in temperature once the engine is stopped, while the other nodes reach their maximum 
temperature later. The compressor side or the H3 node reach maximum temperatures more 
than 60 K higher than when the engine is operating at high loads.   
At the end of the simulation all the nodes reach convergence with a temperature between 
484 K and 494 K.  
 
Figure 10.  Most representative turbocharger temperatures from simulation array.   
 
 
For this study the analysis of possible failure or loss of efficiency during hot-stop, from the 
thermal point of view, is focused on the evolution of the H1 node temperature, where the 
highest central housing temperature is achieved. As well as the H2 node temperature, which 
represents the majority of the central housing mass and handles the biggest part of the oil 
flow. 
 
During the simulations, the maximum gas inlet temperature was 1100 K. In Figure 11 there 
is an evolution of temperatures in H1 metal node which is the contact node with the greatest 
hot spot from the turbine side, where the hot exhaust gases are released. During the engine 
throttle tip-out phase, the gas temperature is reduced as the amount of fuel injected is 
decreased up to zero. The differences between the different cooling strategies are not so 
small if we group the different cases. Clearly cases 1,2,5,6 show higher temperature than 
the others since no auxiliary pumps are considered. 
 
 
Figure 11.  Evolution of temperatures in H1 and H2 metal nodes for all simulation cases. 
 
Figure 11 shows clear differences in the 𝐻2 metal node behaviour for the different cooling 
strategies.  During cases 1, 2, 5 and 6, temperatures are maximum because of the auxiliary 
pumps are not operated. In addition, the differences in maximum peak temperature and the 
time needed are small between these cases. For the other cases, the behaviour is similar 
between them since the movement of water or oil is still running for about two minutes 
after the engine is stopped. When the cooling supply is switched off, the evolution of 
temperatures are rising and tend to be similar to those from the 1, 2, 5 and 6 group but the 
maximum temperatures from this group are never reached because of the heat loss. It can 
also be seen than water cooling auxiliary pump is more effective than oil pump. The lack 
of auxiliary oil pump does not affect much to the temperature control, as shown in cases 3, 
4, 7, and 8 from Figure 11. 
 
The observed response indicates that the specific energy consumption during a whole 
driving and hot stop cycle by both the oil and coolant pumps can be minimized for a 
temperature objective by choosing a proper cooling strategy. This specific energy 
consumption is expressed as the amount of energy consumed by the pumps divided by the 
drop in maximum node H2 temperature. Case 1 is used as a baseline for comparisons. The 
maximum oil temperature inside the bearing system is unknown, but it should be correlated 
with the bearing housing temperature (as shown in Figure 9), a reduction in maximum 𝐻2 
temperature should lead to a reduction in maximum oil temperature and thus, the coke 
formation. 
 
The results about temperature drop are shown in table 5. The highest temperature drop is 
obtained with the combination of high flow rates of oil and coolant during normal operation 
of the engine and also by operating the auxiliary pumps as expected. 
 





Yes auxiliary system No auxiliary system 
























 case 16 case 12 case 8 case 4 
41 38 34 33 
- 
case 15 case 11 case 7 case 3 














 case 14 case 10 case 6 case 2 
24 18 6 3 
- 
case 13 case 9 case 5 case 1 
22 15 3 0 
 
 
The power consumption of the pumps is approximated by a linear relationship with the 
fluid flow rates, taking into account only the requirements for the turbocharger. In the case 
of the coolant pump, the power consumption is around 25 W for typical flow rates of around 
0.15 kg / s, whereas for the oil pump the power consumption is around 60 W for typical 
flow rates around 0.015 kg / s. The specific energy consumed during the simulated cycles 
is shown in table 6. The specific CO2 emissions are estimated for a diesel engine with an 
average engine efficiency of 33%. 
As shown in table 6; the optimum results, in terms of energy consumption per K of 𝐻2 
temperature decrease, are obtained with the original pumps and using an auxiliary coolant 
pump after the engine stops (case 3). Worse results are obtained in all the cases by using 
bigger oil pump, as it consumes more energy and the effect is not big. When using both 
auxiliary pump, (case11) the decrease in maximum 𝐻2 temperature is higher, but the 
specific energy consumption rises faster than when using only the coolant pump (case 3). 
However, the differences between the results of the auxiliary pumps and the increase in 
CO2 emissions are small in both cases. It is worth noting that in the case of an oil-cooled 
turbocharger, the auxiliary oil pump solution is expected to generate oil leakages if any 
new oil sealing technology is used.  
 












The calculated specific energy consumption associated with this cooling method is 
maximised when a normal cooling strategy in combination with a big oil pump has been 
modelled. The auxiliary water-cooling pump seems to produce the optimum results in 
terms of specific energy consumption, as it has more cooling capacity with less power 
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 1.51 0.37 1.79 0.41 
6.81 1.68 8.05 1.85 
- 
1.34 0.02 1.74 0.01 















 2.6 0.79 10.46 3.96 
11.71 3.57 47.2 17.88 
- 
2.22 0.04 15.61               
10 0.17 70.4   
4. Conclusions  
Different cooling strategies have been simulated in order to minimise the possibility of 
thermal damage and coke formation inside the bearing housing of an automotive 
turbocharger under hot-stop engine cycle while keeping the associated fuel consumption 
to this cooling strategies as low as possible. The applied turbocharger heat transfer model 
considers the mass flow at the compressor, turbine, lubrication and cooling system and is 
able to calculate the temperature of the metal in each section in order to predict the mean 
temperatures of exhaust gas and air as flowing in turbocharger. 
 
The heat transfer model is coupled to a full engine simulation performed in GT-POWER. 
A nine-valve bypass system is used to solve some stability issues in the engine model that 
were found during the simulations when its speed was close to 0. In this way, it was possible 
to study thermal transients in the turbocharger bearing housing during hot stops. 
 
Adjusting the bypassing strategy for the management of the engine hot-stop in the 
simulations, the turbocharger model calculates the main performance variables of the 
compressor and the turbine, also computing the main heat fluxes.  
 
The engine model and the turbocharger HTM were calibrated and validated in previous 
works, although not during engine hot-stops. There were experimental data available for a 
different turbocharger and engine in hot-stops, but not enough to calibrate a whole engine 
model, these data were used to get general thermal trends. They were qualitatively 
compared to those of the calibrated engine and turbocharger models, showing similar 
behaviour. Although the results are promising, more work is needed to perform a full 
validation of the model with turbocharger thermal data during hot-stops. 
 
According to the simulations performed, the heat transfer to the oil reduces to almost 0 
when the engine stops. As a consequence, the sudden stop of cooling power will cause an 
important increase of bearing housing temperature due to its internally accumulated energy 
that cannot be released. Two main variables have been studied: the temperature of the 
turbine back plate of the bearing housing (𝐻1 node) and the temperature of the turbocharger 
central bearing housing (𝐻2 node). In the black plate turbine  (H1 node) the temperature 
steadily drops after the engine stops, but for 𝐻2 node, peak temperature is reached at almost 
four minutes after the engine stops in the baseline case (normal oil and coolant flow rates, 
but no auxiliary pumps operating after the engine stops). 𝐻1 node is just a bit less sensible 
than H2 for the different cooling methods.  
 
Thermal transient study shows good overall results in the turbocharger metal nodes 
temperatures but further research is needed if the temperature of the oil trapped inside the 
bearings has to be computed. Nevertheless, this fact should not affect the conclusions of 
this work since the trapped oil temperature should show a clear correlation with 𝐻1 and 
𝐻2 temperatures.  
 
Peaks of temperature in the central bearing housing (𝐻2 node) seem to be relatively 
insensitive to pump size when there are no auxiliary pumps. The calculated specific energy 
consumption is associated with this cooling method thoroughly when a normal cooling 
strategy in combination with a big oil pump has been modelled. The improvement in 𝐻2 
temperature drop is produced with a big energy consumption and CO2 production when 
compared with the results of normal-sized pumps.  
 
The auxiliary water cooling pump seems to produce the optimum results in terms of 
specific energy consumption as it has more cooling capacity with less power consumption 
than the oil pump. The operation of the auxiliary pump not only does reduce the peak 𝐻2 
temperature, but also produces this temperature peak between one and two minutes later. 
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Notation  
C :  Heat capacity (J/K)  
𝐶 : Compressor housing node from the heat transfer model 
𝐷 : Diameter (m) 
E : Engine 
𝐸⁡: Energy consumed for decreasing the temperature of the H2 node 
EURO 6 : European emission standards for light passenger and commercial vehicles 
Exp: Experimental 
GT-POWER: Commercial tool of wave action for modelling each of the most important components of a 
real engine 
ℎ⁡: Convective heat transfer coefficient (W/ (m2K)  
𝐻1⁡: Turbine back plate node from the heat transfer model  
𝐻2⁡: Turbocharger central housing node from the heat transfer model   
𝐻3 : Compressor back plate node from the heat transfer model   
HTM : Heat transfer model  
𝐼𝑇 : Turbine Inlet Temperature (K) 
𝑘 : Thermal conductive coefficient (W/m K) 
?̇? : Mass flow (kg/s)  
NOx: nitrogen oxides produced during combustion 
Nu : Nusselt number  
OC : Compressor outlet temperature (K) 
OD : Outlet Diffusor from the heat transfer model 
OI : Oil inlet from the heat transfer model 
OO : Oil outlet from the heat transfer model 
Op: Operating 
OT : Turbine outlet temperature from the heat transfer model 
?̇? : Heat flow (J)  
S : Specific entropy (J/kg K)  
𝑡 : Time (s) 
T: Turbine housing node from the heat transfer model 
𝑇: Temperature (K) 
𝑊 : Water node from the heat transfer model  
W : Power (W)  
Δ𝑇: Delta temperature (K) 






𝑝⁡: Specific heat capacity at constant pressure (J/kg K)  
𝑐, 𝑠𝑖𝑧𝑒: Coolant pump size factor- mass flow (kg/s) 
𝑜, 𝑠𝑖𝑧𝑒: Oil pump size factor- mass flow (kg/s) 
𝑚𝑒𝑐ℎ: Mechanical losses from the heat transfer model 
𝑖: Time when the engine stops 
𝑓: Specific time where maximum temperature in H2 central node is located (s) 
𝑛: Period of time between the engine stops and the oil maximum temperature reached (s) 
𝐻2: Mean of oil temperature in the central node (K) 
